DS

Meta-Materials

“Metamaterials’ are enaineered (nano) compositesthat exhibit
superior properties that are not found in nature and not
observed in the constituent materials.
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Metamaterials: New physics = enhanced performance
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DS Why Metamaterial s?

.. because the physics at “ small” scalesis different, interesting, and

In many cases, better from a performance per spective

METAMATERIALSOBJECTIVE
Preserve the superior properties of low dimensional systems
in new bulk materials constructed frpm
unit cell building blocks that are engineered to
exploit “small” scale physics
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)5 The Metamaterials Program
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Metamaterialswill ddiver:

 low frequency (< 1 MHz) meta-materials with superior magnetic properties for
power electronics, electric propulsion, and power generation

 high frequency (> 1 MHz) meta-materials with superior microwave and/or optical
properties for communication, radar, and wireless power transfer applications.
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/) ;" ({m The Metamaterials Approach to Magnetism:

Nanocomposite Exchange Magnets

Soft phase
MA

/ Figure-of-merit
BH,

Hard phase
Y/ §

< >
_J-—/ :
v
Hard phase
MA

Simple composite

7~

A Iy BH_ =
BH . (hard phase)

Engineered Nanocomposite
h(Petamaterial)

i

v

— I Enhanced
BH

max




/ )@ Meta-Materials Critical Program Elements

Theoretical challenges to understanding/predicting meta-material behavior:
» Develop more fully the theory of wave propagation in “left-handed” meta-materials
» Understand/model ferromagnetic exchange in 3-D magnetic nanocomposites
» Extend complex/effective mediatheory to novel 3-D meta-materials for high frequency
applications
Materials development challenges:
* Develop algorithms for designing meta-materials given a desired response
* |dentify, develop, and optimize processing schemes for
fabricating meta-materials
» Develop and characterize new meta-materials with superior
el ectromagnetic properties
Technology demonstration/transition:
» Demonstrate the superior/novel microwave or optical properties of
meta-materials for aradar or telecommunications application
» Demonstrate the superior properties of bulk magnetic meta-materials in a power
electronic, electric propulsion, or power generation application.
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UL Meta-Materials“ Criteria”

 What type of material do you propose to develop and demonstrate?
e Isitameta-material?
— Isit acomposite? What are the constituent materials?
— What guiding theory will provide the “blueprint” for engineering your meta-
material ?
— What are the predicted superior properties?
— Can it (or will it) be possible to make your meta-material ?
e Isyour meta-material novel and unique? i.e. hasit already been done or isit being
done now?
 What is (are) the military application(s) that have a need for your proposed “ meta-
material” ?
» Do these applications fall within the general application areas listed in the BAA/PIP?

 What isthe material figure-of-merit for these applications? What are the current
limitations on this figure-of-merit? By how much will your meta-material exceed these
current limitations?

 How will you test your meta-material ?

» |If successful, what new and or enhanced capabilities will your meta-material bring to the
military applications you' ve identified?

* What prototype development efforts will demonstrate the significant advantage(s) of
your metamaterial?



